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Though « nuiftbar of thsrm’dynasiJ.c chasrfcs for internal coobuatioa 
prooeBBos have been prepared in the past two deoadea^ the project by 
Lt. William F, Farrell „ Jr.^ USN^ "Thormodynamlo Chart for Th© 

Combustion Process in Diesel Cycles®, v&b one of the first to cover 
the pressure, temperature and a ■typical fuel«air xutio of diesel oyolesi, 

This project presents titenaodynamia charts of •two diesel fuel«*ai’r 
ratios, being assumed naxisium and lainimAtt ratios that would bo ussd in 
diesel cycles, covering the tempera tures and pressuros used by 
Lt* Farrell in his project. Thus this is a continuation of the prc»jeot 
started by him. The ratios used •will enable the user to extrapolate 
or interpolate between the -values used by the author and those of 
Lt, Farrell, 

Of a necessity, much of the written material is a repetition of 
the work done by Lt. Farrell, l§ich of Lt, Farrell’s vrork and methods 
have been checked. 

The analysis and oosiputation* necessary for this project and the 
ccmstruotion of "the thermodynamic charts -was mads during the period 
February, 1952 through June, 1962, by the author* 
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CHAPTER 1 



DrrRODDCTXOH 

Th« largfl fractltm ©f ooiabuBtioa prooessea of intorsst to the 
ongiaear inTOlTos burning of a hydrocarbon of fairly moderata 
volatility in air. For purposea of analysis by thoraodynami c chart ^ 
an Intomal conbustion ongin© cycle Bwiy be divided into (A) low 
ten?>erature regions where ohaeaioal dlssooiatlon does not oecur* or 
negligible in iiaportanoej and (b) high teaperature regions, reached 
In the ocaabustlon of the fuel, where chesaioal disaodatioa naiy become 
of appreciable magnitude. 

Charts prepared by H, C, Hottel, 0. C« Wllliaas and 
C» N, Satterfield in 1949 (2), cover both the above regions for the 
gasoline wigine cycle, and are satisfactory for use with diosol engine 
cycles in region (A), They do not, however, cover the taa^rature 
range and pressure range of the diesel during combustion, i,e.^, In 
region (B)* 

The theraodynamlo chart* presented in this project cover the 
pressure and t«r^eraturo range of the combustion portion of the diesel 
cycle for two limiting diesel fual'-^r ratios. They have been <xnstrixct«d 
on the same material and toaaparaturo bases as charts for gasoline engines 
in region (B), and thus may be used in conjunction with charts repres®a*“ 
ting the unbumod mixture j as prepared by Hottel, Williams and Satterfield 
(8), Values of equllibrltxm oonstants and theraodynanilc property values 
used here are consistent with tooae used by flottsl., Williem# a:td 
Satterfield (E), 
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CHAPTER II 



BASIC CCNSIPSRATIOHS AJfD DATA 



1, D&ta Usad 

It Twas Buggdstod by Prcfaceor D, Kavanaugh^ of ■tti© Englneoriug 
School, of th© Uni tod States Baval Postgraduate School, that th» chart* 
to b* oon»tnjctcd have fijjel«*eir ratios below and above the fuel^air 
ratio* used by Lt» Farrell, The following data was u*edi 
Fuel-Air Ratioi 0»77 (150^ theoretical air)« 

0*40 (SSOji theoretical air)* 

Pressure Ranges 800 p^**!* to 1500 p**«i, 

Tcjiqperature Ranges 3000° Eeakine to 4500° fiaakino* 

S* Cha*d.cal Di*soolatl<»i 

At the hi^ toB^serature* reached in the ocrabuetion prooosa of the 
diesel «igine there oay be may different molecular Bpecias present la 
varying aasountSj due to cheaioal dissociation of tlie working fluid* 

The requirement of chemioal equilibrium necessitates consideration of 
the effect of the species on the theraodynaaio properties of the bumod 
mixture* There are ten aoleoalar species COjj- H.,0, HO, (H, CO, 

0,1^, and H) present in sufficient quantity to require consideration in 
this devolepoeat* In the couree of this prc^jeot, it wrs found that the 
effects of the lainor species (MO, OH, CO^ 0, Hg, H) were of definite 
importance in the temperature and pressure range used* In Figure 1* 1* 
shown the effect of temperature on tha relative magnitixde of these 
fipecias for one representative pressure for both fuoX-adr ratios* It 
li apparent that tJie magnitudes of those minor species become appreoiabla 
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ftt th« hi^er toiEperatureSj md oamot ti» naglaoted ia coeputatlcwBa 
Tflthout reBulting error* Piirtic\ 2 lar'iy i# this true of the speclee HO 
end OHj idilch frequently ere n©gleot»d in detamitxatlo’aa of burned 
aixturo co3Hpo8iticsne 
3« Ide&l Gee Law 

Ctsaputati on* involving ootaposltloa of the burned mixture together 
with critical preesure# and to^eratures of the component speoiea 
indicate that the burned mixtures beJiave as if their oritioal pressures 
and tsaperatures are approximately 30 atmospheres and fiaaldne, 
respectively* At the elevated tsaaporatures of the chart deviations 
from the ideal gas law are insignificant# Therefore, the ohmrt is based 
on the equation of state for ideal gases# 

4# Fundament al Data 

The fundamental data required for caloulation of these oharfcs arst 
(a) equilibrium constants ae functians of temperature, and (b) various 
heats of reaction# The author has accepted for his calculations tho 
sasM data on internal «iergies, enthalpies, entropies, and equilibrium 
oonstants as did Hottel, Williams and ^tterfieXd (2), and the eoaputa™ 
tlons of Lt# Farrell based on the above* The method of determining the 
changes in the thermodynscnic properties for the chemical reactloii in 
question is given in ApperaSlx I, page 21 1 th« method of obtaining the 
actual equilibrium constants used in the calculation of composition of 
combustion products In eqid.Iibriua at the various tamperatures and 
pressures is described briefly in Appaeidlx I, page IS# 

Compoafcion of air* On a basis of 100 bkjIsb of dry air, a oociposi®’ 
tion of 20# 99 moles of oxygen and 79*01 moles of nitrogen was used* In 



10 Qm 



i 



f 

(•MfeAwraavi ri nmMt T*%^ Ml/ fw 

sv yf •— • ♦• *# ^*t?u**n 9 n 4 #fr 

. «■ .H U. 

lAl UkU ,4 

• I- % •^'U'^^nigiWV r^Vb ^CWVM ' *9 ijviv 

%' •« #y » 4 wa » .ri <»«• t’%.^ym #vt 

^ i 1 S 0 • • .• ’ i v^mAmtib^ rv 4 f ^ ^r%A^HP# 4 oi 

t^miw ^ *<^a 4 ^V^||Ml V> I 

WtM M . «v>? 9 i»rr <M*i / mki Mitf 

.1144 IMM twi •!#• 4 ft «!/ o« 

«* 

.“•^ »«»*r •» ^ Mif . trift Cai^^pi.r'rl tttf 

^ %*•« ]• *<• nifta~ ■ vi^ili.^rft* (•) 



Mft 


«A- 'Tir4 ^ 






M •-'*? ^ )»■ 


1 \4 








m ^ 


9^ iftri^Bl •.» 


«^«1> MM 



•«^ *rnm ,fA\ ^rVf^^tia «M MMAlit* •• •^*ntftlK«Q 



• • aj>o^4mm 4«* 'W Airv. *k^ »► r *» • |i«1^ »#»! tft t<wjy# 

• ** >f* ■ < ;i r II rf - •.« •v'l ft»U^^«*t< Aii/ «u' mai'MM 

'ft fti 4 V ftHM aft# I fu- »| ^ fl 0 OJ/«»U 4 

» W »sAlai 4 ^ift 4 m£ ftl« alAiB %MM MtHillWcv :*wa»* 

. ^ ^ %Mm*4ttA «<it *r^ftfti)^ ti iMftaft^ 

l«^ * . t ^ r4ft ^ ftftM ^ tl 4i*M ■ ^ t40l« ^ 

«• •*• « iii im ">Jg> 4* ^ y««P9lf ftllw Ift iBliv 



I 



actuality, the nitrogen above has silnor ooapoaents of argon, oarboa 
dioxide, and hydrogen inoluded^ and night better be o&Iled Alr'-Nitrcgoao 
The ebcre cospositlon i«aa uee^ in oaleulatlng thonaodynaaic proportleSi 
but pure nitrogen waa ueed in eqitUlbrli;® oalculations, which ouuie but 
a negligible change in the «mouat of HO presents 

Co»position of fuels The fuel chosen ■waa the hydrocarbon (CHp)^;, 
wlilch hae a l^'drogea^carbon ratio considered ad©q>^teiy representative 
of diesel fuel« 

Other oonstantti 

1« Gee Constant R “ 1»987 eal»/®K, gram<»aole» 

Ba Apparent Foraajla Mass of Air • 28*96 (isihich agrees idth the 
abore air eoEipo«ition») 

3* Atoedo masses Sroa 1936 International Tables* 

4* Coiirersion Faoton I atmosphere - 14*696 p*®*!* 

6. Conrerslon Factor* 1 oal./graK-nola - 1*80 BTU/Xb*-inole, 

6* Conversion Factor* I Ib.-mole burned mixture ~ 0,0024135 lb* 
of eir* 
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CHAPTER III 



PROCEDURE 



la Analysis 

If definitely fixed quantities of carbon^ hydrogcaia oxygen and 
nitrogen ai^ permitted to come into equilibrltiaj two of tJs© properties 
of the resultant laixture may be fixed, and will be suffiolmt to com“» 
pletely define the composition of the mixture, and hence its thermo^ 
dynamic properties. Pressure and temperature WBre the properties 
selected in this work* 

It was considered ■ttiat the choenlcal dissociation would prodtioe 
coi^ustiott products containing the following molecular speoiess Kg, Og, 

COg, HgO, CO, Hg, H, OH, 0 and NO, The relative mgnitudes of those 
species, at the fixed fuel-air ratio, depend on the pressure and teaperature® 
The method used to calculate these magnitxides at a sample pressure and 
temperature, using determined data on equilibrium constants, is shown in 
Appendix II» 

2* Ibiterial Basis 

The material basis of the chart is the quantity of material which 
contains nitrogen and oxygon equivalent to one pound of air. 

For coaq)lete combustions 

CCH 2 .)k+ ^ (l.S O2.+3.7G [T-s] Nt.)= K (CD^+ H2.0 + S .<^4 Nz) 

For a fuel-air ratio of 0,77, there are 1,95 moles of oxygen and 7*352 
moles of nitrogen, or 9.282 moles of air, for each CHg unit of fuel. The 
mass of air is (9*282) (28,95) s: 268,714 poundsjt the mass of fuel (1)(12) ^ 

(2)(l,008) S 14,016 pounds* The mass of fuel associated with, one pound of 

air Is then 0.06216 pounds. For a fuel-air ratio of 0.40, there are 3,76 

moles of oxygen and 14,1 moles of nitrogen, or 17*85 moles of air, for 
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each CHg unit of fuel* The mss of alx’ is 14.016 pounde. The mass of fuel 
associated idth one pound of air ia then -.0271E5 pounds. The msg basis 
ifi necessary for consistency because the number of moles of combustion; 
products varies at elevated temperatures -with variation of any thermo- 
dynamic property. 

3* Determination of Therjosodynamic Propartlos 

The temperature base for the chart tvas selected as 100*^F» Th© 
values of interna], energy and «otropy^ obtained from Table 6 g Appendix 
Hottel, T^illiaias, and Satterfield, (2) wore converted to this tempera** 
turo base as described and illustrated in Appendix I. To detensdne 
the internal energy of the combustion products at each selected tempera- 
ture pressure, the procedure is to multiply the mole .fraction of 
each molecular species in th© prwiuots, by its corresponding value cd' 
internal energy, corrected to proper tanperature base, sxm up tiv. b® 
products for all ton species, and eonvert to the proper material basis 
for the chart; thus 

Ehtropy involves not only an additive factor similar to that shown 
above for Internal energy, but also the entropy of mixing; that is, 
tho eatjropy of the mixture i« 

where is the mole fraction of each species, i* the molar aatropy 
of each spooles at cno atmosphere pressure and each temperature, 
corrected to the proper teuro®*’®^^® base, ^ is iha gas c<Mastaat, and 
Pi. is the partial pressure of th© components, in atmospheres, and also 
equals -t.6 P 9 where P is the total pressure of the mixture in atmo3« 
pherea. “^hs entropy 5w»iy is corrected to the proper material base for 
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the chfert-, Th» enthalpy of the nixture is obtained frora the thorao- 
dytiamio relation 



The volume at each p* assure and temperature is obtained from the ideal 
gae lavt 



iriiore is the total moles of the mixture at eaoh twaperaturo and 



total pressure in pounds per square inch. This volume is then coavearted 
to the proper material basis of the chart. 

4. Description of Chart 

The thennodynamio properties represented on the chart are ae 
follows I 

(a) Temperature degrees Rankine. Nearly horixontal solid 

lines at 200 degrees intervals. 

(b) Pres8vu*e ^ » pounds per square inch. Diagonal solid lines 
at 100 p.8.1. intervals* 

(o) Volume - V ^ cubic feet per poxmd of original aiA Diagonal 
dashed linos wi-tti greater slope than the pressure lines, at 0.1 or 0.2 
cubic foot intervals* 

(d) Internal Energy - E, per pound of original air. Ordinate 
of chart. 

(e) Entropy » S, BTU/^Rankino per pound of original air. Abscissa 
of chart* 

(f) Entlialpy «» BTU par pound of original air* Nearly horizontal 
dashed lines, superimposed on the ohart to eliininate the necessity of 
using the relation H *' E 4'RT* 





pressure, R' Is the gas constant (1645 BTU/®R. lb’"molo) and ^ is the 
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6« Method of Eoading the Chart 

To illustrate reading the chart lot it be desired to detemin© 
the tJienaodynsiai© properties of the prodxiots of combustion of one 
pound of air -with (CH^) ^ v&por at T 3500® Bankin© aad p 1200 p.s*i* 

The original mixture contains 15v^ excess eir« Locate the intai'section 
of the lined corresponding to the above t®ipe rata re euad pressure, and 
reeui directly that the volume io 1»8 cabio feetj the internal energy 
is 682*1 BTUj the enthalpy is 947*8 BTU| and the entropy is 0*269 BTU/^ 
Rankine* Interpolation betwoan taaperature and enthalpy linos is 
substantially linear* In actual cycle analysis employing the chart, 
the known thermodynamic properties will be more probably pressure and 
either internal mergy or enthalpy, but the procedure in reading tlie 
chart remains the same, 

6. Use of the Chart. 

The chart is designed for use la conjunction with di&gr&m 
representative of the unburncd mixture existing prior to oombusticjn, 
in analyzing diesel cycles* Such diagrams have been prepared byHottel, 
Williams, and Satterfield, (2)« The author* scharts indicate the thenao-' 
dynamic properties of the burned mixture as a result of the combustion 
process. 
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A DISCUSSICK CS* THE STSTSM BSL<5f SOO0® EAHSIHS 
1» Basic .E**quiraaeats« 

To permit deteminatioa of the thermodynamic properties of th® 
burned mtxturo as a result af isentropio eicpansion to a poiiit ?eii©r© 
the exhaust valre opens ^ a low press ure^loir tmperatvs’e charts of aub*> 
Btantially the a&me antropy linlts a« the msthor’e charts is requirode 
The approximate temperature and pressure ranges for this chart are 
900® Raakiue to 2900® Eaxddno^ and 14 « 7 p»s«i» to ISO p„8«i. r«speotiT©ly« 
2» Frozen Equilibria, 

Chemical eqiailibriiaa has been assumed to exist at all temperatures 
abOTe 3000° RanJclnOa idiere the ohmicai reaction yelooity is quit© 
high. KowcTer, irhon the gas laixtur© is rapdly cooled below 3009® RankLie^ 
the ooiapositiojs is found to correspond to that at soroo higher tempera** 
turcj at which the composition ”frose“® Considering that in diesel 
cycles an isentropio path ip. closest to the actual path to th© system 
below 5000® Rankine, the pressure effect on oompositioc was takeaa Into 
account by the assumption ths.t th® oonposition of a mixture below 3000® 
Banklne, wfas that of th® mixture at SOOO® Rar*kin®^ at Iho sass® oatropye 
Experimental validation cf 1h.ls assumption is quoted In Chapter 
Robinson (6)^ and is consisteatj in this taupe nature and pressui*® 
range^ with the value of 28 SO® RankinOj, used by Hottel^ Wlliistras,, and 
Satterfield (2), 

3. Determinaticn of ThorTCodynamio Properties, 

The ooa^osition of the burned alxturo at 3000® Raafcino and at 
various pressuz’es is deterainod. as shown in App^aidix II. The eatroj^* 
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of the mixture at 3000® Raxildj'ie aai t±te abor© pressure is determined 
as described In paragraph 3 of Chapter III, As stated in paragrs|)h 1 
abore, the oompoBition of the burned mixture at say tamperatura below 
3000® Rankin® is tiiat of the mixture at 30(X)® Ranklne at the same 
entropy. Thus, selactioji of any temperature T in this region fixes 
two thenaodynn’’ io properties » temporature and entropy « and these are 
sufficient to define the remaining thermodynamic properties of the 
mixture. The internal energy and enthalpy at each tmperatura T is 
then obtained in the manner described in paragraph 3, Chapter III, using 
the mixture composition at 5000® Raaklaa at each entropy. To obtain 
pressure (p) and volume (V), the equations for the isentropic process 
by which this region is entered in the oyclo, from the region above 
3000® Sankine, are used. Those are, at any temperature T and entropy Sj 

j a hd M = V I C~) ' 

where and axe the pressure and volume at T^s 3000® Eankine, and 
k is the mean specific heat ratio between the temperature T end Tj^. 
Values of tlie speoifio heat ratio for tli© witi 130^ and 

260% air, at any teaporatiare between 300® Eankine and 4000® Eaakine, 
may be obtained from taoles in the Gas Tables (S), by interpolation and 
extrapolation. The method ©f obtaining the mean speoifio heat ratio 
between any two temperatures, when the specific heat ratios at these 
limiting tmperatares are knoim^ is sat fortSu. in Kiefer, Stuart and 
Kinney (4), 
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7h«modynimio Propartios of Molocular Spaolos 
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The internal energy of any specie* at tempera tiire T equals "^Qv 
•whare E-s is tn© heat released "by oooliag the gas at constant. Toluao 



to the taoperatur® base of the ohart (100^ s and ia the 

heat of oonbuatlon. of the gas at constant Tolme at 100®F« £s ia the 
▼alue of E of the specie ti at teiaperatJire T mnu» the value af E- of 
the species at 100°F^ each obUlnod fron Table 6^ App^dlx Hottel» 
WmiaaiB, and Satterfield (2).Qy at lOO^F is the heat evolved in 
cooling the speoiesi, and oxygen required for o oabustionj, (Iotgi to CpK^ 
plus the heat of combustion at 0°K (S at 0®£ in Table 6)^ less the hoat 
absorbed in heating th© oombaaticsi products from 0^ to Sli*^K(l00^F)e 
For the combustion of CO, the combuetlon equation is« 

CO -h ^ CO 

or one mole of specie CO react* with m« half mole of oxygon to fora 
one mole of C(^ a* combustion products* From Table 6^ Appendix A, 
Hgttel, Ifilliaas, and Satterfield (2), the foilosang values ways 
obtained t 

For C0« Eo^K = 65,760 For CO^t E-Sll^K ,'Eo®< 1757 

Eam^K. = 73,757 For Ogs E3n<»|<; ^ £oV= 

E.360o°K - 78,436 

Thent 

Es=^3WOo‘’er^3l|“<. = 784S5-73757 a 4673 

cOo. 

Qv = (73757 •» 66769) + 66759 « 175? 

= 72789 

— E^-t-Qv 

= 4676 + 72789 = 77467 calorie8/g»*JBDle« 

The above i« the value showi in Table 2* 
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Tha Tal«« of anthalpy is readily obtainad from the relation H S.B 
Thus ■^19 entJialpy of CO at T — 3600 is s 

H3feOO®R. ~ ■¥ **987 X ZOOQ 

= 77467 -b 3974- s 81443. calorie s/g-nole 

TABLE III 



Molar Entropy (at one atmosphere pressure) 



Species 


3000® 


3600” 


4500° 




20,168 


22,622 


26,791 


H^O 


15,910 


17.876 


20,68 


Air-R. 

S 


I2,7&i 


14,143 


16,072 


°2 


13,490 


14,958 


16,993 


CO 


12,924 


14,338 


16,279 




12.061 


13,537 


15,397 


H 


8.54 


9. 28 


10,86 


Oil 


12,40 


13,74 


16,52 


HO 


13.21 


14, 6S 


16,61 


0 


8,34 


9,26 


10,38 


The 


units of the above are 


calorie a/g"mole **V<.a 


or BTtj/lb mole * 



The ralues shoira in the above table (Table III) were obtained from, 
those in Table 6., Appendix A, Kotfcel, 'PTilliarnSj and Sacterfield (s)^ 
merely by subtracting the entropy value at the t aeaparaturo basa of the 
chart (loo®? 511®K) from the entropy corresponding to iiie tsoiperatur® 
in qu9stion« 
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TABLE IV 



Thonaodyntaiic Propertiss of Squilibriya Mixtur© of Combuetloa Psxjducts 
Prom l?hioh Charts War© Coastriiotodj 
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oa.ft 
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800 
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752.499 


,36154 


1,4647 


3000 


1300 
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752,478 


,23382 


.9764 


3000 


1500 
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752,487 


,21402 


,7812 
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5600 


1000 


711,174 
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1300 
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1 ,004 5 
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800 
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2,3038 
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,36448 


1,4678 


4100 


1500 


868,667 


1277,560 


.54939 


1.1741 
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pst. 


BTIT 


BTU 


BTU/ 


cu »ft. 


5000 


800 


622.589 


723.626 


.24278 


1,4287 


3000 


1200 


622.678 


728.515 


.21535 


.9624 


5000 


1600 


522 .670 


728.603 


/20005 


.7620 
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800 


682.240 


950,719 


,24695 


1,7116 


5600 


1000 


682.166 


930.645 
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1.3718 
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1.1431 
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.32676 


1.1446 



The material basis oonsiteat with the above value* is one pound 
of dry siir (l/28«95 pouad-nolo ) , plus the corresponding fuel* 
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Method of Calculating Ccsipositioa of Coabustion Product® In Equilibrixm 



Th.« large auaibsr of aoleeular spooia* preasnt in the oombu»tl<sj 
aquilibriuan fflixfearo makas it nocessary to organiza th® aethod ef 
calculation to aialmisa trial«*and«orrore 

Th«r® ar© four kinds of atoias proosat (G^ 0^, »), Thos® are 



ATailable in relating these epscies ara the a ix ohamioal eguilibrim 
eqiiatlons shown in Table Appendix I, They are listed again here for 
convenient roferencea with the msabar of moles of each species being 
repres^ted by its chemical symbol in parenthesis} 



In the above^ p is the total pressure in atmospheres ,, Pc is the 
partial pressure in atmospheres of each taolocular species, and the symbol 
^ represents the sum of the moles of all species present* 

As sho^i in Chapter III (4), with a fuoi«alr ititlo of 0*77, or ISOX 
air, there are 1,85 moles of Og and 7,33E moles of Ng presteat, giTtng 
9»283 moles of air per mole of fuelj with a fuel«*air ratio of) *4, or 250^ 
air, there are 3,7S moles of Og md 14.1 moles of Hg present, giving 
17,86 moles of air per mole of fuel. If on© mol® of carbon and of hydro- 
gen in the fuel is choseei as a basis, there ar® amllabl® the following 
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four equation* satiafying ths mterial balance of the four atoBUS 
present (C^ 0^ 5)» Those equations are^ on a mola basis, at 

equilibrlxBU 

fcj, 7 CCO:2,) -hCco) - 1.000 

Ec^.S 1.000 

Bc^. 9 (coj+^Oz )4 + = 3 75 

Ec^. 10 (NzJ ^ (mo) := 14./ 

The equations 1 to 10 inclusive give sufficient relaticne to solve 
for 'tiie oonpositioa of tiio ten molecular specie* in the ccsibuetion 
products. 

Procedure t The first step is to divide the tm species into major 
coapoaent* {OO^t Hgd, Og, Ng, CO and Hg), and minor components (H,0, HO, 
and CH) and to consider for the first approximation of oompcsition that 
only najor conq)onents are present. Then equatiois 7 to 10 inclusive 



Ec, 


-7A 


Cco-2.) -hCco) 


- l.ooo 




8/^ 


+ (Wz) 


= \.ooo 




9A 


(CO<2l) + (O- 2 . ) + 


yzjj^TP) +Cco^ = 3.7S 




lOA 


(N^) ^ 14.1 






. II 


£ r (co^j + 


C H- 2 . 0 J + + (Nz j 4 (COij +(Hzj 



By jidioious use of the above five nations togetJisr with ©qua** 
ticns 1 and 5, a first approximaticn of the number of moles of the 
major species present nay be obtained. Thea, using these results, 
plus equations 2,4, 5 and 6, a first approxlmtion of the minor species 
is made. Themlues of the minor species so obtained are put onto the 
original four equations 7, 8, 9, and 10 and these equationa in turn 
solved in terms of the major species. A second approximation is now 



■ 27 “ 



!•«* mis 



I • 












. .M .!». 



)• •_ 4J«^ -— J* «* » ) 

^.*•‘1 1 1 n- •• 

' - ’ ^ -N • - 

C .-^v_' 



I =: ('->£>}-»• (^o;>j Y pB 

ooc.l 8 p5 

V ‘ 

-e,T- f: rr r (o) r v' i^i JH !^ho> ^ S ? ■=" 

i>i =(cv-,)i -, 's^vi) O. ,fH 



\*;ri < 






‘••j/ v*i r 

rv -v#! . .<* • V 






-XO{^^ .,.t«.i -r -t -- ;u^* I> K- 

. I *• ». • r^J% * 



• 

^ ei ir 



f.®/ 41^ 



I 



*• . . -s . J 




. • ; •, - .. ,•» r 






^ "1C 






oco.l - 


[02^ ~h (j, OD^ 


Ar 


o3 

t 






000.1 — 


(sl~i) ) 


/\8 

«/ 


p3 


sr.<£ 


-[\03)+ (O^H^J sX 


■h (sO) +(.^OD) 


A*? 


p3 








1>! 


AOI 


,p3 


f uoj)-f- (i 


’A 'j -f ( 


o 

0 

JT 


-{- (^o:>) :: B 


!! . 


,p3 


V^? I'^f* . f-r » 


_Sb 


• .'T. 


. - ^ • J‘9 . . • V 


. • r- 4 




9iT' it If ^ 


4- ' 


. -- . 1 «\ A . ^ f-.: 


■' • a' 





M/ j 









(‘Jkiv -* i 



• 


'. •'-*.' ^*C- '.<1* ■ 1 


1 f 


' 1 .»»4 


**M'l 


' Ir 


;V **. -*L_ •• 


% 


• 1 Tt 


,•1^ »i 




»•» > cc t *• 


.• 


• ^ I (• 


- n** 


. ft 






•». N»«4 V 



■Tl 



carried out, in prooieeXy the same manner as the first approximation ^ 
to give corrected -9-aluftB of the major epeoies baaed upon the presence 
of minor speoles. Again Taluaa of the minor species are detenalnad irith 
the aid of equations 2 , 4, 6 and 6. If the msults for all species 
satisfy equations 7« 8, 9, and 10, the oonq>utation is completedj if not, 
further approximations are carried through until these equations are 
perfectly satisfieds 

To illustrate the method, a sample oalculatlon will be carried out, 
using representative values of temporatur© and pressure* 

T = SOOO® 12.oc>psL. P=. 8 l *65 ateoDsphares 250^ air 

From Table I, Appendix I, at Xx 3000® 



K,-= 3.405 

9165x10”® 
Kb= 1 . 816 x 10 **^*^ 



3.981x10”^® 
K.5 -1.014x10“^ 
6,053x10"® 




Adding equations 7A, OA, ajid lOAi 
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SubBtitutiag these values for the minor species in ©qnaticais 
?9 8, 9 and 10 * 
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Wow, following the sasie procedure as before s 
Adding Eq. 7 , 8 , and IO5 
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Multiplying Eq, 9 by tw) and oubtractiag Eq« 7* 
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